AD  734353 


i  l 


PTD^HT- 23-13^1-71 


FOREIGN  TECHNOLOGY  DIVISION 


i  i 


i  i 


i  i 


INTERFACIAL  ENERGY  ON  THE  BOUNDARY  BETWEEN 
A  LIQUID  METAL  AND  PYROLYTIC  GRAPHITE  ' 


V.  P.  Yelyumin,  V.1  I.  Kosmikov,  and 
A.  V.  Kharimonov 


i  ' 


DDC 


JAN  4  1972 


Ap,prqved  for  public  release; 
Distribution  unlimited. 


NATIONAL^TECHNiCAL ' 
INFORMATION  SERVICE 

23191  . 


I 


UNCLASSIFIED 


DOC  (MINT  CONTROL  DATA  -RAD 


T^mStMArnlTlkeTi^tT^StwmMrmSmi^"  .  . 

Foreign  Technology  Division 


Air  Force  Systems  Command 
U.  S.  Air  Force 


<»  c  uttin»4> 


i  RINRT  SRCURITT  CLASSIFICATION 

UNCLASSIFIED 


SSOROUR 


nfWRT-fTFn - r— — ; — - ——————— 

INTERFACIAL  ENERGY  ON  THE  BOUNDARY  BETWEEN  A  LIQUID 
METAL  AND  PYROLYTIC  GRAPHITE 


4.  OCSC^IRTIV*  NOTK4  (Trp*  •/ 1*4  tNlmlH  *M) 

Translation 


p  4uf  -us.  uiu  Um  ~~) — - 

YELYUMIN,  V.  P;;  KOSMIKOV,  V.  I.  AND  KHARIMONOV,  A.  V. 


969 


k.  M4JICT  MO. 


M.  TOTAL M 

_ _ _5_ 


M.  OMOINLTOri  MOORT  MUMOCRMI 


FTD-HT-23-1341-71 


M.  gi^MlR  RBRORT  NOISI  (Atm  mim  »io>ir  A.I  m^r  M  m>I»M 


DIA  Task  No.  T69-04-9 


I*.  DISTRIBUTION  STATtMOMT 

I 


Approved' for  public  release;  distribution  unlimited. 


jnsTOissnsrsnir 

.  1 


l«.  tOOMRORIMO  MILITARY  ACTIVITY 

Foreign  Technology  Division 
Wright-Patterson  AFB,  Ohio 


TT 


\ 


r 

/^An  attenipt  was  made1  to  deterqiine  the  interfacial  energy  on 
the  boundary,  between  a  liquid  metal  (T^  and  Zr)  and  pyro¬ 
lytic  graphite  through  the  capillary  action  of  the  metal 
between  graphite  plates. >  The  deviation  of  the  reaction  from 
the  monomolecular  case  was  determined. s  Orig.  art.  has:  3 
figures,  3  equations;  . 
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INTERFACIAL  ENERGY  ON  THE  BOUNDARY 
BETWEEN  A  LIQUID  METAL  AND  PYRO¬ 
LYTIC  GRAPHITE 


V.  P.  Yelyumin,  V.  I.  Kosmikov  and 
A.  V.  Kharimonov 

At  present  no  methods  exist  for  the  direct  experimental 
determination  of  the  free  interfacial  energy  on  a  liquid/solid  body 
boundary. 

In  this  work  an  effort  is  made  to  determine  the  interfacial 
tension  on  the  boundary  between  a  liquid  metal  and  pyrolytic  graphite. 
Titanium  and  zirconium  were  used  as  the  liquid  metals.  Before  the 
experiments  the  Obreymov  and  Gilman  [spelling  is  not  confirmed  - 
translator]  method  was  used  to  determine  the  free  surface  energy  of  the 

p 

pyrolytic  graphite;  this  turned  out  to  be  1800  erg/cm  at  room 
temperature.  The  procedure  for  determining  the  free  Interfacial 
energy  involved  using  the  rising  of  metal  between  two  plane-parallel 
plates  (Fig.  1).  The  dependence  of  the  height  of  metal  rise  h  on  the 
distance  between  the  plates,  d,  can  be  easily  obtained  from  the 
Laplace  equation: 


.  a) 

where  the  surface  tension  of  the  solid  body;  —  inter¬ 

facial  tension  on  the  solid/liquid  boundary;  p  -  density  of  the 
liquid;  g  -  gravity  acceleration. 
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Fig.  1.  Diagram  of  experiment. 


measurements  of  the  height  of  rise  of  metal 
between  two  parallel  plates  separated  at  a  given  distance  cl,  it  is 
possible  to  determine  the  difference  o«.r— **-*•  If  the  free  surface 
energy  of  the  solid  body  is  known,  it  is  easy  to  determine  the  free 
•  interfacial  energy  on  the  solid/liquid  boundary. 

The  metal  was  melted  in  a  graphite  crucible.  Parallel  plates 
of  pyrolytic  graphite  were  Immersed  in  the  molten  metal  and  held  for 
1  h  at  a  temperature  exceeding  the  melting  temperature  of  the  metal 
by  50-100  degrees.  The  experiments  were  carried  out  in  a  TW-l| 

_li 

furnace  in  a  vacuum  of  5  K  10  mm  Hg.  The  height  of  rise  of  the 
metal  was  determined  after  the  experiment. 

The  dependence  of  the  height  of  metal  rise  on  the  distance 
between  the  plates  was  checked  beforehand.  From  Fig.  2  it  is  clear 
that  h  and  d  are  connected  by  an  Inversely  proportional  relationship. 
The  nature  of  the  change  in  the  meniscus  of  the  metal  as  a  function 
of  distance  d  is  shown  on  Fig.  3 •  With  an  Increase  in  the  distance 
between  the  plates  in  the  interval  from  1  to  3  mm  the  bottom  edge  of 
the  meniscus  is  lowered.  This  is  apparently  connected  with  the  fact 
that  initially  the  liquid  metal  "crawls"  to  the  pyrolytic  graphite 
plates  and  then  draws  up  the  remaining  portion  of  the  liquid.  It 
is  obvious  that  with  an  Increase  in  the  distance  between  the  plates 
an  ever  greater  mass  of  metal  is  attracted  and  the  lower  edge  of  the 
meniscus  is  dropped.  Therefore  in  all  cases  the  distance  from  the 
level  of  metal  in  the  crucible  to  the  maximum  point  of  metal  rise 
was  taken  as  the  height  of  rise  of  the  metal. 


After  experimental 
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Pig.  2.  Pig.  3. 


Pig.  2.  Height  of  rise  of  the  metal,  h, 
as  a  function  of  the  distance  d  between 
the  plates. 

Pig.  3>  Shape  of  the  meniscus  as  a  func¬ 
tion  of  the  distance  d  between  the  plates. 


The  obtained  data  have  the  following  values: 
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The  values  of  density  of  the  liquid  metals  were  taken  at  the 

melting  temperatures  of  the  corresponding  metals  [1,  2].  As  was 

noted  above,  the  free  surface  energy  of  pyrolytic  graphite  was 

determined  at  room  temperature,  while  the  experiments  were  carried 

out  at  temperatures  of  1600  and  l800°C.  It  is  necessary  to  introduce 

the  appropriate  correction  for  reduction  of  free  surface  energy  of 

the  pyrolytic  graphite  with  the  increase  in  temperature.  At  present 

the  temperature  coefficient  of  surface  energy  of  pyrolytic  graphite 

2 

is  unknown,  but  it  can  be  taken  as  equal  to  0.1  erg/cm  ,  as  for  the 
majority  of  solids.  The  values  of  surface  energy  of  pyrolytic 
graphite  at  the  experimental  temperatures  are  given  above,  with 
account  taken  of  the  temperature  coefficient. 
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After  substituting  all  values  into  equation  (1)  we  obtain  the 
value  of  the  inter facial  energy  for  T1  and  Zr.  It- turned  out  that  the 
Interfacial  tension  of  zirconium  on  a  boundary  with  pyrolytic  graphite 
comprises  -70  erg/cm  ,  with  the  value  for  titanium  being  +40  erg/cm  ; 
this  corresponds  to  common  presentations  on  Interfacial  energy  for 
intensively  Interacting  systems  [33. 

In  work  [4]  the  authors  carried  out  a  quantitative  examination 
of  the  influence  of  chemical  reaction  on  Interfacial  energy  on  a 
solid/liquid  boundary  on  the  basis  of  equilibrium  thermodynamics. 

They  found  that 


(2) 


If  the  reaction  proceeds  in  a  single  layer  (s  —  area  of  a  mole  of 
the  liquid;  AFp  —  free  energy  of  the  chemical  reaction). 

In  the  case  when  there  is  reaction  in  systems  of  refractory 

■*  .  \  \ 

metals  from  group  IV  and  pyrolytic  graphite^  calculations  according 
to  equation  (2)  are  scarcely  applicable,  since  the  speed  of  diffusion 
of  carbon  into  the  liquid  metal  is  great  and  the  action  does  not 
occur  in  a  single  layer.  However,  it  is  of  Interest  to  evaluate  the 
deviation  of  the  reaction  from  the  single  layer  for  the  case  of 
reactions  in  such  systems.  Equation  (2)  can  be  written  as  follows: 


j  irP'4,u-w 


(3) 


Here  s— NT  is  the  area  of  a  single  mole  stretched  out  into  a 

8 ingle  layer  (K  -  a  coefficient  approximately  equal  to  .1;  M  - 
molecular  weight;  p  -  density;  N  -  Avogadro  number;  n  —  number  of 

’t 

single  layers);  4.18*10  -  coefficient  for  conversion  of  cal  into  erg. 


The  following  results  were  obtained: 
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singlfl ZIJTI  ^  aCtUality  the  *"**»»  not  occur  in  a 
aingle  layer,  but  over  a  thickness  of  about  19  monolayers  for  Ti  and 

titZTi  T  Th#  8r*ater  nU"ber  °f  Bln8le  layers  ln  the  of 

«  eXP  ned  by  *he  lar8e  ““efficient  of  carbon  diffusion 
Into  titanium  as  compared  with  diffusion  of  zirconium  [5] 
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